It is well known that weight loss occurs in patients with chronic graft-versus-host disease. However, the severity and frequency of weight loss in this population have not been adequately described. Recent data suggest that a body-mass index (BMI) below 21.9 is an independent risk factor for mortality. In our analysis we have shown that out of 93 patients with cGVHD, 43% are malnourished as evidenced by a BMI less than 21.9 and 14% are severely malnourished (BMI less than 18.5). In addition, there is a clear trend showing that patients with active, ongoing cGVHD have lower BMIs (P = 0.02). Furthermore, we show that many symptoms thought to contribute to weight loss in patients with cGVHD, such as odynophagia and oral sensitivity, are not related to weight loss in our population. We conclude that, in all likelihood, unknown causes still exist that are responsible for weight loss in this group of patients. Elevated resting energy expenditure and elevated serum tumor necrosis factor-␣ are potential contributors to weight loss that will be tested in future studies. We also conclude that treating cGVHD aggressively may help reverse weight loss and malnutrition, which may be independent risk factors for mortality in this population.
cGVHD. 10 Unfortunately, few studies in the literature have quantified the extent of weight loss in these patients. In 1990, Lenssen et al 11 reported the incidence of weight loss and nutrition-related problems in 192 patients 1 year after allogeneic transplant. The data in this study showed that 33% of patients with extensive cGVHD and 19% of patients with limited cGVHD had weight loss. 11 However, the degree of weight loss in each patient was not quantified and patients were only followed to 1 year. The conclusion of this study and the assumptions in most reviews of cGVHD is that weight loss in this group of patients is due to ongoing clinical symptoms such as dysphagia and oral sensitivity which directly decrease patients' nutritional intake.
Weight loss is a very significant problem and therefore understanding causes and mechanisms underlying weight loss in cGVHD could eventually lead to better treatment for this symptom. In general, wasting and cachexia are associated with severe physiologic, psychologic, and immunologic consequences, regardless of the cause. [12] [13] [14] Cachexia has been associated with increased numbers of infections, decubitus ulcers, and even death. [15] [16] [17] In patients with cancer cachexia, the degree of depletion of lean body mass and visceral protein is associated with reduced survival. 18 This study was undertaken because we have seen a number of patients with cGVHD who are many years post SCT (5 or 10 years) and who are either losing weight or have been unable to regain weight since their transplant. While some of these patients have symptoms such as dysphagia that prevent nutritional intake, a significant number of patients with adequate nutritional intake have no apparent symptoms that can directly explain their weight loss. It has been hypothesized that patients with cGVHD have an altered metabolism leading to weight loss. In fact, one study recently reported that patients with extensive cGVHD have an abnormally elevated resting energy expenditure. 19 Our aim in this study was two-fold. First, we wanted to quantify the degree of weight loss and malnutrition present in patients with cGVHD. Recently, low body-mass index (BMI) has become an important predictor of mortality in general medicine. 20 We therefore felt that in addition to documenting weight change in our patients, determining BMI during ongoing cGVHD as an index of malnutrition would be a useful parameter to demonstrate the gravity of the problem.
Second, we aimed at demonstrating the relationship between oral/gastrointestinal complaints such as dysphagia and oral sensitivity, and degree of weight loss. Our hypothesis is that while these symptoms may explain weight loss in some patients, there are still unknown factors contributing to weight loss in cGVHD.
Methods

Patients
In 1994 a multidisciplinary GVHD clinic was established at the Johns Hopkins Oncology Center. This clinic's treatment recommendations focus not only on specific therapy for GVHD but also on rehabilitation, nutritional, and psychosocial problems. This study is a retrospective chart review of 104 patients referred to this GVHD clinic between 1994 and 1998 in whom a diagnosis of cGVHD was confirmed. The main objective of the study was to analyze malnutrition and weight loss patterns in this group of patients as well as to comprehend what factors may be contributing to these patterns. For patients' charts that were missing data, we contacted the patient or the patient's oncologist to obtain this information.
Study definitions
Diagnosis of cGVHD by our clinic was made on the basis of both clinical and histologic criteria for the skin and other affected sites, as previously described. [21] [22] [23] The histologic diagnosis was made using established criteria. 23, 24 Patients brought slides of a biopsy of the affected organ, or a biopsy was performed at our institution; all samples were examined by pathologists at the Johns Hopkins Hospital.
Time of therapy for cGVHD was defined as the number of years that had elapsed between the time the patient was diagnosed with cGVHD and started on therapy by the referring physician, and the date that the patient was first seen at our clinic.
Patients were identified as having active cGVHD if they had a biopsy confirming cGVHD and had evidence of progressive or persistent disease over the past 3-6 months (based on the patient's and referring physician's reports).
Patients were identified as having inactive cGVHD if they had a biopsy showing cGVHD but their disease had been completely stable over the past 3-6 months. A period of 3-6 months was chosen because we had previously observed at our institution that the majority of patients who have had no improvement (as well as no progression) do not improve if further maintained on immunosuppressive therapy. 25 Skin cGVHD was defined as the presence of biopsyproven lichenoid or sclerodermatous cGVHD.
For the categories of odynophagia, dysphagia, nausea, anorexia and abdominal pain -patients were specifically asked, in lay language, if they had experienced these symptoms and the answer was recorded as yes/no.
For the oral sensitivity symptom, a 4-grade category was used: (1) no symptoms, (2) food sensitivity, (3) pain, requiring narcotics, and (4) unable to eat. Malabsorption was defined as laboratory-proven steatorrhea.
Nutritional supplementation was defined as any additional nutrition supplement to a standard diet being used by the patient at the time of the clinic visit. While the vast majority of nutritional supplementation consisted of formulas such as Vivonex and Ensure, a few patients received feeds via gastric tubes.
Body-mass index
BMI was calculated as the weight in kilograms (at clinic visit) divided by the square of the height in meters. Patients were stratified according to the classification used in the study by Calle et al 20 in which more than 1 million adults in the United States were followed prospectively to assess the relationship between mortality and BMI. In this study, a higher risk of death was found to occur in those with a BMI below 21.9, with an even higher risk in those with a BMI below 18.5 (RR of death 1.26 for men and 1.36 for women). In addition, those with a BMI above 25.0 had progressively higher risk of mortality as BMI increased. Therefore, we divided our patients into four categories that best simulated the mortality risk data presented by Calle.
Weight change
Percent weight change was calculated as the difference between weight at the clinic visit and weight pre-SCT, divided by weight pre-SCT. Based on previous literature, patients were stratified into three different groups: (a) weight gain or Ͻ5% weight loss, (b) 5-10% weight loss, and (c) Ͼ10% weight loss. In a study of 84 patients with metastatic renal cancer, weight loss of greater than 10% was predictive of decreased survival. 26 Wallace et al 27 found that in 247 males over the age of 65, an involuntary weight loss of greater than 4% was an independent predictor of increased mortality.
Statistical analysis
2 tests were used to compare the frequency distributions of symptoms/diagnoses in each weight group category. The trend test was used for comparing proportions with three or more levels (eg in the analysis using stratified BMI). Associations between diagnoses/symptoms were assessed by odds ratios (OR) estimated by a univariate multinomial logistic regression model. We repeated the analyses in a multivariate model to assess whether there was any confounding. Since the associations were almost identical in both models and most of the odds ratios were not 'statistically significant', we present the unadjusted results. The ttest was used to assess the difference between two means. All statistical analyses were carried out with Stata 6.0 software (College Station, TX, USA).
Results
Patient characteristics
One-hundred and four adult patients referred to the Johns Hopkins Oncology Center for management of cGVHD from January 1994 to July 1998 had the diagnosis of cGVHD confirmed. Out of these, 93 of them had enough information (height as well as weight) to calculate BMI. The characteristics of these patients are listed in detail in Table 1 . The median age of patients was 37 years, with a range of 17 to 64 years. Individuals under the age of 17 years were excluded since these patients should be gaining weight as part of normal growth and this issue would confound our analysis. There was an almost equal balance between males and females. The median time since SCT was 2.4 years and the median time on therapy for cGVHD was 1.7 years. The most common type of SCT was an allogeneic, matched-sibling donor transplant and the most common indication was chronic myelogenous leukemia. The sites of cGVHD for these patients are detailed in Table 2 . Number of patients who had received medication for at least 6 months. cGVHD = chronic graft-versus-host disease; PBSC = peripheral blood stem cell transplant; DLI = donor lymphocyte infusion.
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Body-mass index
BMI at the time of cGVHD referral was calculated for each patient. Patients were also categorized as having active or inactive cGVHD.
The detailed results of this analysis are presented in Table 3 . The main results to highlight are that 43% of our patients were in the malnourished category: 14% were in the severe category (BMI Ͻ18.5) and 29% were in the moderate category (BMI 18.5-21.9). In addition, there is a clear trend indicating that patients with active cGVHD have significantly lower BMIs when compared to patients with inactive cGVHD (P for trend difference = 0.02). In fact, out of 13 patients who presented with a BMI less than 18.5, 12 (92%) were in the active cGVHD category and only one (8%) was in the inactive cGVHD category.
Weight change analysis
In 71 of the 93 patients listed above, we were able to calculate weight change since SCT. The percent weight change was calculated for each patient as described in the Methods section. Two patients were deleted from the analysis since their weight change significantly outlied the rest of the data (they were beyond the interquartile ranges on a boxplot for weight change) and thus the concern existed that these numbers were incorrect. Therefore, a total of 69 patients was used in this analysis.
To determine if active cGVHD had a significant influence on weight loss, we separated our 69 patients into active/inactive cGVHD status and looked for a difference in mean weight loss in each group. The details of these results are shown in Table 4 . Active cGVHD patients had a mean weight loss of 8.7% while inactive cGVHD patients had a mean weight loss of 1.4% (P = 0.04).
The following factors were examined as potentially being related to weight change: active vs inactive cGVHD, dysphagia, odynophagia, nausea, anorexia, abdominal pain, oral sensitivity, malabsorption, skin cGVHD, and nutritional supplementation. Table 5 displays the incidence of each symptom/diagnosis in each weight change category. The only statistically significant factor is nutritional supplementation, with the majority of patients in the Ͼ10% weight loss category being on supplementation. Otherwise, dysphagia approached statistical significance, with a higher percentage of patients in the Ͼ10% and 5-10% weight loss categories having dysphagia (45% and 63%, respectively) as compared to those in the baseline category (25%).
Furthermore, univariate multinomial logistic regressions were performed to calculate the odds ratios of each symptom/diagnosis on the incidence of weight loss. The results of this analysis are detailed in Table 6 . Certain results in this analysis deserve highlighting. Active cGVHD increased the risk of Ͼ10% weight loss by 2.9 (0.86-9.48) times and of 5-10% weight loss by 1.8 (0.31-10.38) times. Dysphagia increased the risk of Ͼ10% weight loss by 2.43 (0.83-7.24) times and of 5-10% weight loss by 4.95 times (0.97-25.8). Abdominal pain increased the risk of Ͼ10% weight loss by 2.5 (0.57-11.1) times and of 5-10% weight SCT, and duration of therapy for cGVHD had no effect on weight loss.
Discussion
In our study, we have examined the incidence of malnutrition and weight loss in patients with cGVHD, as well as potential factors that may contribute to these. Calculating BMI for each patient allowed us to stratify patients into malnutrition severity categories. Almost half of the patients in our study were malnourished and 14% of the patients were severely malnourished. In addition, the majority of the severely malnourished patients had active, ongoing cGVHD. These data are alarming in the light of Calle's study showing an increased risk of mortality in patients with a BMI below 21.9. 20 Our data also suggest that successful therapy of cGVHD helps decrease malnutrition since patients with inactive cGVHD had lower rates of malnutrition as compared to patients with active cGVHD. Thus, attempting to reverse malnutrition with medical and nutritional management should be a priority in a cGVHD consultation since malnutrition may in itself be an independent risk factor for death. A further study will focus on defining the potential association between malnutrition and mortality in this specific group of patients.
We also examined the relationship between weight loss in cGVHD patients and gastrointestinal complaints that could be contributing to weight loss. Interestingly, symptoms such as nausea, anorexia, and oral sensitivity do not appear to be related to weight loss. The presence of dysphagia does appear to be related to weight loss in cGVHD patients. This finding is not surprising since there are specific esophageal abnormalities, such as webs, strictures, and lack of peristalsis, that have been reported in patients with cGVHD. 28 The presence of abdominal pain showed some positive relationship with weight loss, although this finding was not statistically significant. Perhaps these patients have 'gastrointestinal cGVHD', although this is not a finding that Table 6 Univariate logistic regressions examining potential factors related to weight loss in 69 patients with chronic graft-versus-host disease
Odds ratio
Odds ratio 5-10% weight loss Ͼ10% weight loss has been adequately defined or documented. Our group is in the process of doing a comprehensive review of cGVHD gastrointestinal complications to understand better the clinical findings and histology that may represent 'gastrointestinal cGVHD'.
An interesting finding is that the majority of patients with severe weight loss were on nutritional supplementation at the time of the cGVHD consultation. While this may seem like an obvious relationship, it could potentially signify that patients with severe weight loss are not gaining weight after having lost it despite being on nutritional supplementation. This is only a hypothesis at this point, since we do not have adequate information such as length and type of supplementation, or weights at multiple timepoints, to draw any conclusions.
We hypothesize that there are still unknown factors leading to weight loss in cGVHD. It is likely that patients with extensive cGVHD are in a state of tumor necrosis factor-␣ (TNF-␣)-dependent catabolism. Patients that develop cGVHD have elevated levels of cytokines, in particular, TNF-␣. 29 TNF-␣ is involved in cachexia induced by chronic illnesses. 30, 31 Furthermore, certain cancer patients are in a state of catabolism as documented by elevated resting energy expenditures (REE). 32 In fact, one small study has demonstrated REE in patients with extensive cGVHD. 19 The main limitation with this study is that the controls used were drawn from the general population, and thus, theoretically, one cannot conclude that the elevated REE is secondary to cGVHD as opposed to another post-SCT complication.
In an effort to further explore the above hypothesis, we plan to launch a clinical trial in which we will measure REE, protein oxidation rates, and cytokines in cGVHD patients with weight loss and post-SCT controls. We will also administer infliximab, an anti-TNF monoclonal antibody, to cGVHD patients with weight loss in an attempt to reverse their weight loss and altered metabolism.
There are certain limitations to our study that deserve mention. First of all, much of the study is retrospective in Bone Marrow Transplantation nature. Therefore, it is sometimes difficult to assess severity and length of symptoms. Our case encounter forms, however, prompt the physician to ask about nutrition-related problems and therefore we feel the data are quite complete. Furthermore, patients and their physicians were called if there were pieces of information missing.
Another potential limitation is that the weight change pattern is difficult to assess since we are evaluating two weights for the patients -current visit weight and pre-SCT weight. One might argue that we missed a patient at their weight peak, for example. While this is a true concern, we feel that the weight change data are valid when taken as a whole. We analyzed each symptom by current BMI and the results were almost identical to those when using percent weight change (data not presented). Therefore, a large percent weight loss correlates very well with low BMI, which suggests that patients who have lost a lot of weight are malnourished regardless of their starting weight pre-SCT or a potential missed peak in weight.
Finally, it is worth mentioning that while weight loss and malnutrition are significant problems in our population, almost half of the patients had weight gain or less than 5% weight loss, and more than half of these had active, ongoing cGVHD. It is conceivable that steroid therapy in these patients led to weight gain from fluid retention and adipose tissue accumulation. Our future study will allow us to calculate lean body mass for each patient and distinguish between adequate and inadequate forms of weight gain.
In conclusion, we have shown that weight loss and malnutrition are very significant problems in patients with cGVHD. Furthermore, it appears that those with active, ongoing disease have a higher incidence of weight loss and malnutrition. Therefore, treating cGVHD aggressively may help reverse weight loss and malnutrition, which in general are independent risk factors for mortality. However, whether weight loss and malnutrition increase mortality in cGVHD patients remains unknown. This association will be studied in detail once we have accrued more follow-up time with this cohort of patients. Given our findings, it is likely that unknown causes still exist that are responsible for weight loss in this group of patients. Future studies will be aimed at understanding these causes and devising more specific ways to treat weight loss and malnutrition in this population.
